Assessment of chemical effects on neurite outgrowth in PC12 cells using high content screening.
Identification of chemicals that pose a hazard to the developing nervous system is the first step in reducing human exposure and preventing health risks to infants and children. In response to the need for more efficient methods to identify potential developmental neurotoxicants, the present study evaluated the utility of an automated high content screening system to detect chemical effects on neurite outgrowth in Neuroscreen-1 cells (NS-1), a subclone of PC12 cells. Plating 2000 NS-1 cells per well with 100 ng/ml nerve growth factor for 96 h produced optimal neurite growth in a 96-well format. Using this protocol, five chemicals that had been previously shown to inhibit neurite outgrowth in PC12 cells were examined. Inhibition of neurite outgrowth (assessed as total neurite length per cell) was observed for all five chemicals. For three of the chemicals, inhibition was associated with decreased cell viability. To demonstrate the utility of this approach for screening, a further set of chemicals (eight known in vivo developmental neurotoxicants and eight chemicals with little evidence of in vivo neurotoxicity) were tested over a wide concentration range (1 nM-100 microM). Trans-retinoic acid, dexamethasone, cadmium, and methylmercury inhibited neurite outgrowth, although dexamethasone and cadmium only affected neurite outgrowth at concentrations that decreased viability. Amphetamine facilitated neurite outgrowth, whereas valproic acid, diphenylhydantoin, and lead had no effect. Of the chemicals that were not neurotoxic, there were no effects on cell viability, but two (dimethyl phthalate and omeprazole) increased neurite outgrowth at the highest concentration tested. These results demonstrate that a high content screening system can rapidly quantify chemical effects on neurite outgrowth in vitro. Concentration-response data for both neurite outgrowth and cell viability allowed for the determination of the specificity of chemical effects on a neurodevelopmental endpoint. Further studies will examine the utility of other in vitro preparations for cell-based assays of neurite outgrowth.